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1. To estimate the magnitude and distribution of settlement of the Landfill B-18 foundation due to 
the overlying waste. 

2. To evaluate whether the final gradient of the Landfill B-18 foundation after settlement is the 
required minimum of 2% to maintain adequate drainage. 

Given: 
The Landfill B-18 expansion geometry and as-built landfill configuration used to generate the 
evaluated sections were obtained from AutoCAD drawings (see Drawings). All other data used 
for these calculations are based on the original Environmental Solutions, Inc. (ESI, 1990) 
calculations, including site geology and foundation stratigraphy (see Attachment 1). The original 
calculation was performed utilizing the computer program SETTLG developed by Geosoft Inc.; 
however, this program is no longer available. Golder programmed the settlement equations into 
Microsoft Excel to perform the foundation settlement calculations. 

Assumptions (Assumptions are consistent with those used by ESI): 
1. Claystone and siltstone are considered the same. Previous investigations indicate that the 

compression characteristics of the claystone and siltstone are practically the same. 

2. Foundation materials are highly overconsolidated, therefore the stress-strain relationship 
under loading is considered to be within the elastic range of materials. 

3. Rebound and settlement of foundation will occur during excavation and waste placement. 
Therefore the gross weight, rather than the net weight of the waste fill will be used. 

4. Sandstone under the landfill foundation is considered to be incompressible. 

5. The foundation materials are considered to be homogeneQus and isotropic. The stress-strain 
behavior of the materials under load is characterized by the Young's Modulus and the 
Poisson's Ratio. 

Method: 
1. Determination of Young's Modulus (E) 

The elastic modulus may be expressed in terms of the shear strength of the soil: 

E = kSu 

Where k is a function of the Plasticity Index (PI). Values for the on-site claystone materials 
at various depths are shown in Figure 1. By using the linear progression method, the 
scattered data may be represented by a straight line. The best fit straight line takes the 
form of: 
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PI (%) = 37.2 + O.OSy (ft) 

where y is equal to the depth below ground surface. The results of the above statistical 
analysis indicate that the variation of PI with depth is not significant. 

Figure 1: PI vs. Depth for claystone material. 
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Therefore, it was assumed that the PI is constant with depth. Taking the average depth for 
all data, the PI value for the foundation material was estimated to be approximately 41. By 
assuming the overconsolidation ratio (OCR) of the claystone is 2, the value of K was 
estimated to be 420 as shown in the Figure 2. 

Figure 2: Chart for estimating Undrained Modulus of Clay. 
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The shear strength of the foundation material is summarized in the following table: 

Geologic Shear Strength ' 
Unit I, (psl)1 

18-5 127.0 
18-7 110.6 
18-8 91 .1 

18-12 72 .2 
Average 100.2 

Obtained from UU triaxial test results 

Taking the average shear strength (Su) , the elastic modulus (Eu) is estimated to be : 
Eu = K x Su = 420 x (100 Ib/ in2 x 144 in2/ft2/ 1000 Ib/kip) = 6,048 kip/ft2, round to 6,000 ksf. 

2. Determination of Poisson's Ratio (v) 
The value of Poisson's Ratio was found to be insensitive to the compressibility coefficient 
used to calculate the settlement. Poisson's Ratio was back-calculated using the average 
compressibility coefficient determined by using a value of the Poisson's Ratio from 0 to 0.5. 

i The resulting Poisson's Ratio was estimated to be 0.38. 

3. Determination of ComQressibilitv Index (CJ 
The Compressibility coefficient is related to E and v by: 

1-v2 

CU=-E-

4. Determination of changes in stress with deQth (I\.cr) 
Since it was assumed that the deformation of the foundation is elastic under the waste 
loading , the Boussinesq Equation was used to determine I\.cr. To calculate I\.cr under the 
center of a rectangular loaded area: 

I\.(J = (Jom! 
Where : 

cro = initial stress at a specific depth 
m = number of influences, for the center of a foundation m = 4 
(Jo = yz 

Y = soil unit weight 
z = depth to the middle of layer to be evaluated 

, 
! = ~ [2MNVV V + 1 + tan- 1 CMNVV)] 

4rr V + V1 V V - V1 
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To calculate I1cr under a point that is not at the center of the rectangular loaded area, the 
following is used: 

5. Calculation of Settlement (I1H) 
The foundation settlement can then be calculated by: 

b.H = EH 
Where: 

c = vertical strain determined by E = b.(JCu 
H = thickness of the layer where settlement is calculated 

The total settlement is determined by L b.H under the point being evaluated. 

Calculations and Results: 
1. Settlement Calculation 

Foundation settlement calculations were performed for Sections 1-1 ', 2-2' , and 3-3' for each of 
the points shown on Drawing 1, Cross sections are shown on Drawings 3, 4 and 5, 
respectively. All settlement results are summarized in the Table 1 through Table 3 in the 
Tables Section of this calculation brief. Settlement along the landfill foundation ranges from 
0.74 inches (Section 2-2' Point 2A) to 13.55 inches (Section 2-2 Point 2Kl))' 

2. Final Gradient Computation 
The formula utilized for the final gradient calculation is defined as follows : 

Where: 
EL2 = elevation at point 2 
ELl = elevation at point 1 
11Hz = settlement at point 2 
I1 Hl = settlement at point 1 
(b.Xrb.Xl ) = Distance between two points 

Golder Associates 



Kettleman Hills Facility - Landfill Unit 8-18 
FOUNDATION SETTLEMENT 

Project No,: 083-91887 

Date: 05-20-2008 

Sheet: 6 of 6 

Made By: LAQ 

Checked By: EH 

I Reviewed By: 

Final gradient calculations were performed in Sections 2-2' and 3-3'(as shown on Drawing 4 
and 5) since the two sections are the ones along the drainage direction, All final gradient 
results are summarized in Table 4 and Table 5 in the Tables Section of this report 

In all cases the gradient remains in excess of 2% when measured in the direction of flow 
Some locations in the sections are not perpendicular to the contours and therefore the slope 
is not reported; however, the computed settlement at these locations are observed to be of 
similar magnitude and the original grade would be maintained, 

3, Strain Difference Computation 
The formula utilized for the final gradient calculation is defined as follows: 

In where: 
Gf = final gradient 
G; = initial gradient 

Gf - Gi 
fj,E = --'---'-

d 

d = distance between two points 

Final strain calculations were performed in Sections 2-2' and 3-3'since these two sections are 
the ones along the drainage direction, All strain difference results are summarized in Table 6 
through Table 7 in the Tables Section of this report, 

The result all points have less than the design maximum strain of 0,1 %, 

Conclusions: 
Based on the foundation settlement calculations for the selected sections, we can assume that 
the bottom gradient of the landfill along the critical sections will be maintained at a minimum of 
2% meeting the minimum requirement for drainage, 

Based on the foundation settlement calculations for the selected sections, we can assume that 
there will be no abrupt changes along the surface of the foundation due to settlement The 
maximum allowable strain due to settlement is less than 0,1% which is less than the yield strain 
of the synthetic liner. Therefore the liner stays intact 

Reference: 
Environmental Solutions, Inc, (ESI), "Engineering and Design Report, Landfill Unit B-18, Phases I 
and II and Final Closure, Kettleman Hills Facility," August 1990, Appendix G, 1, 

Bowles, JE, "Foundation Analysis and Design," Fifth Edition, 1996, pp, 291-296, 
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Settlement Calculation Summary 

Section 2-2' 

~gicl~ B 

18-10 50% 6.71 

18-9 0% 0.00 

18-8 100% 7.54 

18-7 30% 2.28 

18-10 50% 8.39 

18-9 0% 0.00 

18-8 100% 7.81 

18-7 30% 5.13 

18-10 50% 9.20 

18-9 0% 0.00 

18-8 100% 5.09 

18-7 30% 0.65 

18-11 10% 2.45 

18-10 50% 6.24 

18-9 0% 0.00 

18-8 100% 2.47 

18-12 100% 1.36 

18-11 10% 1.92 

18-10 50% 3.23 

18-9 0% 0.00 

18-8 100% 2.12 

18-13 10% 2.91 

18-12 100% 0.42 

18-11 10% 0.55 

18-10 50% 0.97 

18-9 0% 0.00 

5:\projects\G83\D83-918S7 WM KHF B·18 Expansion De5ie:n\R ~port\Appendix G - Settl~rG~~&igt~nsion Section 2-2'.xls 

I 

3.36 

0.00 
11.58 

7.54 

0.68 

4.20 

0.00 
13.55 

7.81 

1.54 

4.60 

0.00 
9.89 

5.09 

0.19 

0.25 

3.12 
5.83 

0.00 

2.47 

1.36 

0.19 

1.62 5.29 

0.00 

2.12 

0.29 

0.42 

0.06 1.25 

0.48 

0.00 



B 

3 A 18-13 10% 

3 B 18-13 10% 

3 C 18-12 100% 
18-13 10% 

18-11 10% 

3 D 18-12 100% 

18-13 10% 

18-10 50% 

3 Dl 18-11 10% 
18-12 100% 

18-13 10% 

18-10 50% 

3 D, 18:11 10% 
18-12 100% 

18-13 10% 

18-10 50% 

3 D3 18-11 10% 
18-12 100% 

18-13 10% 

18-10 50% 

3 E 18-11 10% 

18-12 100% 

3 F 18-10 50% 

Table 3 

Settlement Calculation 

Section 3-3' 

llated Settle~en 

14.10 

22.54 

4.07 

17.24 

10.13 

3.73 

1.53 

8.40 

6.98 

3.18 

2.97 

10.00 

7.72 

2.55 

1.39 

11.36 

7.95 

2.61 

0.78 

13.23 

7.39 

2.29 

11.58 

:stl 

2.25 

4.07 

1.72 

1.01 

3.73 

0.15 

4.20 

0.70 

3.18 

0.30 

5.00 

0.77 

2.55 

0.14 

5.68 

0.79 

2.61 

0.08 

6.61 

0.74 

2.29 

5.79 

1.41 

2.25 

5.79 

4.89 

8.37 

8.46 

9.09 

9.65 

5.79 



Point Initial Settlement 

No. Elevation (ft) 
(ft) 

2A 739.09 0.06 

2B 707.08 0.20 

2C 709.53 0.24 

2D 710.65 0.30 

2 E 713.91 0.39 

2F 716.55 0.49 

2G 723.75 0.99 

2H 724.75 0.43 

21 767.51 0.54 

2J 742.76 1.11 

2K 735.66 0.96 

2 K, 737.01 1.13 

2L 752.87 0.82 

2M 780.00 0.49 

2N 796.86 0.44 

20 837.27 0.10 

Table 4 

Grade Calculation 

Section 2-2' 

Final Distance Initial Final Allowable 

Elevation (ft) Grade Grade (%) Grade 

(ft) (%) 2.0% 

739.03 
108.83 29.41% 29.54% OK 

706.88 

112.14 2.18% 2.15% OK 

709.29 

Not connected with same slope 

710.35 

139.54 2.34% 2.28% OK 

713.52 

Not perpendicular to the slope 

716.06 

297.93 2.42% 2.25% OK 

722.76 

41.39 2.42% 3.78% OK 

724.32 

95.62 44.72% 44.61% OK 

766.97 

Not connected with same slope 

741.65 

85.61 8.29% 8.12% OK 

734.70 

58.91 2.29% 2.01% OK 

735.88 

35.67 44.46% 45.32% OK 

752.05 

60.9 44.55% 45.10% OK 

779.51 

33.99 49.60% 49.73% OK 

796.42 

837.17 
Not connected with same slope 
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Point Initial Settlement 

No. Elevation (tt) 
(tt) 

3A 745.79 0.12 

3 B 742.2 0.19 

3C 739.04 0.48 

3D 731.57 0.41 

3 0, 725.37 0.70 

3 0, 734.00 0.70 

3 0 3 725.27 0.76 

3 E 726.61 0.76 

3F 736.35 0.80 

8 837.27 0.48 

updated Settlement_E~pan,iQn Section 3-3'.xls 

Table 5 

Grade Calculation 

Section 3-3' 

Final Distance 

Elevation (tt) 
(tt) 

745.67 
144.24 

742.01 

130.45 

738.56 

320.67 

731.16 

266.92 

724.67 

Initial Final Allowable 

Grade Grade (%) Grade 

(%) 2.0% 

2.49% 2.54% OK 

2.42% 2.65% OK 

2.33% 2.31% OK 

2.32% 2.43% OK 

Not connected with same slope 

733.30 

Not connected with same slope 

724.51 

63.73 2.10% 2.10% OK 
725.85 

396.01 2.46% 2.45% OK 
735.55 

836.79 
Not connected with same slope 
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Point No. Initial 

Elevation 

(ft) 

2A 739.09 

2B 707.08 

2C 709.53 

2D 710.65 

2E 713.91 

2 F 716.55 

2G 723.75 

2H 724.75 

21 767.51 

2J 742.76 

2 K 735.66 

2 K, 737.01 

2 L 752.87 

2M 780.00 

2N 796.86 

20 837.27 

8 910.00 

updated Settlement_Expan~ion Section 2·2' ,xis 

Table 6 
Strain Calculation 

Section 2-2' 

Distance Initial Final 

(ft) Grade (%) Grade (%) 

108.83 29.41% 29.54% 

112.14 2.18% 2.15% 

70.61 1.S9% 1.50% 

139.54 2.34% 2.28% 

147.10 1.79% 1.72% 

297.93 2.42% 2.25% 

41.39 2.42% 3.78% 

95.62 44.72% 44.61% 

As 

0.0012% 

0.0003% 

0.0012% 

0.0004% 

0.0005% 

0.0006% 

0.0331% 

0.0012% 

Not connected with same slope 

85.61 8.29% 8.12% 0.0020% 

58.91 2.29% 2.01% 0.0047% 

35.67 44.46% 45.32% 0.0240% 

60.90 44.55% 45.10% 0.0091% 

33.99 49.60% 49.73% 0.0039% 

Not connected with same slope 

162.7 44.70% 50.85% 0.0378% 
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Point No. Initial 

Elevation 

(ft) 

3A 745.79 

3B 742.2 

3C 739.04 

3D 731.57 

3 Dl 725.37 

3 D2 734.00 

3 D3 725.27 

3 E 726.61 

3 F 736.35 

8 837.27 

updated Settlement_Expansion Sect ion 3-3'.xls 

Table 7 

Strain Calculation 

Section 3-3' 

Distance Initial Final 

(ft) Grade (%) Grade (%) 

144.24 2.49% 2.54% 

130.45 2.42% 2.65% 

320.67 2.33% 2.31% 

266.92 2.20% 2.43% 

",,8 

0.0003% 

0.0018% 

0.0001% 

0.0009% 

Not connected with same slope 

Not connected with same slope 

63.73 1.96% 2.10% 0.0022% 

396.01 2.46% 2.45% 0.0000% 

Not connected with same slope 
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Fig.27.3 Average consolidation ratio: linear initial excess pore pressure. (a) Graphical interpretation of average consolida· 
tion ratio . (b) U versus T. 

value for c • . This is generally done by observing the rate 
of compression of an undisturbed sample during an 
oedomeler (or .consolidation) test (see Sections 9.1 and 
20.2). 

Figure 27.4 shows a typical set of dial readings, show­
in.g change in thickness with time , obtained during one 
increment of load . The form of such actual time versus 
compression curves is similar to, but not exactly the same 
as, [he theoretical curves predicted from consolidation 
theory. The foll owing fi'ting methods are commonly used 
to determine c, fr om such test results (Lambe, 1951). 

Square root method. Extend a tangent to the straight­
line portion of the observed curve back to intersect zero 
time and obtain the corrected zero point d,. Through d, 
draw a straight line having an inverse slope 1.15 times the 
t angent. Theoretically, this stra.ight line should cut 
the observed compression.time curve at 90 % compres­
sion. Thus the time to 90% compression is 12.3 
minutes. From Fig. 27.3, the dimensionless time T for 
90 % compression is 0.848. Substituting these results, 
with H equal to the thickness of the sample per drainage 
su rface (1.31 cm in this case) into Eq. 27.8b, c. is 
determined to be 26.2 X 10- ' cm'/sec. 

Log method. As shown in Fig. 27.4b, tangents are. 
drawn to the two straight-line portions of the observed 
curve. The intersect~on of these curves defines the 
d)oo point. The corrected zero point d, is located by 
laying off above a point in the neighborhood of 0.1 
minute a distance equal to the vertical distance between ' 
this point and one at a time which is four times greater. 
The 50 % compression point is halfway between d, and 
duro, or at a time of 3.3 minutes. From the theoretical 
curve, T = 0.197 for 50 % compression. Using Eq. 
27.8b, c, is then computed at 22.7 X 10- < cm'/sec. 

Discussion of results. Obviously, these fitting methods 
contain arbitrary steps that compensate for differences 

between actual and theoretical behavior. A correction 
for the initial point is usually required because of 
apparatus errors or the presence of a small amount of 
air in the specimen. An arbitrary determination of d90 

or dloo is required because compression continues to 
occur even after excess pore pressures are dissipated. 
This secondary compression OCcurs because the mineral 
skeleton has time-dependent stress-strain properties 
(Chapter 20) ; the importance of secondary compression 
will be discussed in Secti on 27.7. The fitting methods 
have been developed to provide the best possible 
estimates for c,. It is hardly surprising that the two 
methods yield somewhat different results. The square 
root method usually gives a larger value of c, than does 
the log method, and this method is usually preferred . 

In addition to the problems involved in evaluating c, 
from a given increment, Cv varies from increment to 
increment and is different for loading and unloading. 
Figure 27.5 shows typical results. Moreover, c, usually 
varies considerably among samples of the same soil. 

Thus it is quite difficult to select a value of c, for use in 
a particular engineering problem and hence it is difficult 
to predict accurately the rate of seUlement or heave. 
Often the actual observed rate of settlement or heave of a 
structu re is two to four times faster than the rate 
predicted on the basis of c, as measured using un­
disturbed samples (e.g., see Bromwell and Lambe , 
\968). Such differences arise partially because of the 
difficulties in measuring c" partially because of short­
comings in the linea r theory of consolidation, and 
partially because of the two- and three-dimensional 
effects discussed in Section 27.6. Predictions of rate of 
consolidation are useful only to indicate in advance of 
construction the approximate time required for consolida· 
tion. If the actual rate of consolidation is critical to the 
design, as in certain stability problems where the excess 
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equation applicable to numerous physical problems. 
In particular, the equations for transient heat flow are 
basically identical to these equations for consolidation, 
with temperature replacing excess pore pressure. Solu­
tions have been obtained for many problems in heat flow 
involving a variety of initial and boundary conditions, 
and these solutions often may be used to considerable 
advantage in the study of consolidation. 

27.2 SOLUTION FOR UNIFORM INITIAL 
EXCESS PORE PRESSURE 

The simplest case of consolidation is the one­
dimensional problem in which: (a) the total stress is 
constant with time, so that oa.;ol = 0; (b) the initial 
excess pore pressure is uniform with depth; and (c) there 
is drainage at both the top and bottom of the consolidat· 
ing stratum. These conditions are met by the loading in 
Fig. 26.2 provided that the loading is applied in a time 
that is very small compared to the consolidation time so 
that literally no consolidation occurs before the loading 
is complete. The total vertical stress at any point will 
,then be constant during the consolidation process. -, 

For this problem, it is convenient to convert Eq. 27.4/ 
_.---

by introducing nondimensional variables: 

z=!... 
H 

C.I 
T=­

H2 

(27.8a) 

(27.8b) 

where z and Z are measured from the top of the con­
solidating stratum and H is one-half of the thickness of 
the consolidating stratum. (The reason for this choice of 
H will be apparent later.) The nondimensional time T 
is called the lime faclor. With these variables, Eq. 27.4 
becomes 

a2
U e _ aUt 

oz' = aT (27.9) 

We now need a solution to Eq. 27.9 satisfying the 
following conditions: 

Initial condition at I = 0: 

u, = Uo for 0 :s; Z :s; 2 

Boundary condition at all t: 

u, = 0 for Z = 0 and Z = 2 

i-------Llifv/uo,------i--------ue/ao------ \ 

; i 

I" 

, 
2 

Consolidation ratio Uz 

Fig. 27.2 Consolidation ratio as function of depth and time factor: uniform initial 
excess pore pressure. 
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Kettleman Hills Facility - Landfill Unit 8·18 Expansion 
Settlement of Clay Liner 

Golder 
..ssl[)O',ates 

Project No,: 083·91887 Made By: EH 

Date: 10/28/08 Checked By: RH 

Sheet: 1 of 2 Reviewed By: 

Objective: 
Estimate the additional settlement due to the increased waste loads from the Phase III 
expansion, 

Reference: 
Environmental Solutions Inc, (ESI) Engineering Report Settlement Calculations (Attached), 

Discussion: 
ESI previously calculated the settlement of the clay liner due to placement of 230 feet of waste, 
The expansion project will increase the waste height to approximately 300 feet This additional 
load will result in further compression of the clay, 

Calculation: 
1) Primary consolidation settlement 

• The maximum load due to waste: Max, Ov = 300' x 115pcf = 34,5 ksf 
• The consolidation settlement at 34,5 ksf is approximately 9,5% of the total thickness (see 

Figures 1 and 2), 

Clay Liner I Primary Secondary 
Initial clay liner thickness I 1,5' 3,5' 
Consolidation settlement (9,5%) I 0,14' 0,33' 
Post Consolidation Thickness i 1,36' 3,17' 

2) Secondary consolidation settlement (or creep settlement) 
Secondary consolidation settlement will occur after the closure of the landfill. The secondary 
settlement can be computed using the following equation: 

"'s = Ca(Ht)Log(ts/tp) 

"'s =secondary settlement (ft) 
C,,= coefficient of secondary compression, 0,005 per ESI 
Ht = initial thickness 
ts = duration of secondary compression assuming to be 30 years post closure period, 
ts = time to complete primary consolidation conservatively assumed to be 20 years (1994· 

2014) to fill landfill. 

Primary Clay Liner: "'s = 0,005 (1,36) Log(30/20) = 0,0012 ft 
Secondary Clay Liner: !;s = 0,005 (3,17) Log(30/20) = 0,0028 ft 

3) Final Clay Liner Thickness 
Primary clay liner: 1,5'·0,14'·0,0012' = 1,36' > 1,0' OK 
Secondary liner: 3.5'·0,33'·0,0028' > 3,0' OK 

4) Settlement for clay liner beneath vertical riser 

Golder Associates 
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Kettleman Hills Facility - Landfill Unit 8-18 Expansion 
Settlement of Clay Liner 

Project No.: 083-91887 . Made By: EH 

Date: 10/28/08 Checked RH 

Sheet: 2 of 2 Reviewed By: 

Settlement of the clay liner beneath the vertical riser is estimated to increase by an additional 
5% due to riser imposed loads. 

Thus, settlement of the clay below the riser will be 9.5% + 5.0% = 14.5% of the original 
thickness. Secondary compression is considered to be negligible based on previous 
calculation. 

Settlement in the secondary clay liner = 14.5% x 5' = 0.725' 
The final secondary clay liner thickness is estimated to be 5'-0.725' =: 4.3' > 3' OK 

Settlement in the primary clay liner = 14.5% x 3' = 0.44' 
The final primary clay liner thickness is estimated to be 3'-0.44' =: 2.5' > l' OK 

Golder Associates 
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APPENDIX G.4 

POST-CLOSURE WASTE SETTLEMENT 

Golder Associates 



Objective: 

Kettleman Hills Facility - Landfill Unit 8-18 
POST -CLOSURE WASTE SETTLEMENT 

Project No.: 083-91887 Made By: LAQ 

Date: 05-28-2008 Checked By: EH 

Sheet: 1 of 1 Reviewed By: 

1. To estimate the effects of secondary settlement of the waste filion the landfill cover post­
closure grade for drainage. 

2. Utilize Environmental Solutions Inc. (ESI) original calculation methods and assumptions and 
apply them to the new expansion configuration. 

Given: 
For the new landfill expansion geometry and as-built landfill configuration used to generate the 
evaluated sections where obtained from AutoCAD drawings (see Drawings 1 through 6 in 
Appendix G-1). All other data used for these calculations are based on the original Environmental 
Solutions Inc. (ESI) calculation, including site geology and foundation stratigraphy (see 
Attachment 1). 

Assumptions and Methods: 
All assumptions and methods utilized on this calculation are based on the ESI original calculation 
dated August 14,1990. ESI calculations are included in Attachment 1. 

Calculations and Results: 
Calculation methods are described on ESI original calculation dated August 14, 1990. 
Calculations are shown in Attachment 1. Results for the new calculations are attached in Table 1 
to 4. The calculations indicate the post-closure settlement will be approximately 9.3% of the 
waste thickness. 

Conclusions: 
As stated by ESI in their original calculation; "Based on the final cover post-closure settlement 
calcu lations for the selected sections, the results indicate that the changes of the grade after 
settlement will have no adverse effect on the surface drainage. After settlement, the gradients 
are still more than 3% which is the minimum requirement for drainage." Based on a review of 
ESI's calculations, Golder agrees with their original conclusions. In some cases shown in Table 3 
the apparent gradient is less than 3%. The locations resulting in a value less than the required 3% 
are due to the location of the selected section not being nearly perpendicular to the new cover 
drainage slope. By observation and comparison with Section 2-2', these locations maintain a 
minimum 3% true slope. 

As stated by ESI in their original calculation, "Due to the geometry of the final cover it is expected 
that the length of the slopes in the soil cover and liner systems will be reduced due to settlement. 
A minimal reduction strain is expected and should be readily absorbed by the soil cover and the 
liner systems without causing any damage". 

Reference: 
Environmental Solutions Inc. "Engineering and Design report Landfill Unit B-18 Phase 1, 2 and 
Final Closure, Kettleman Hills Faci lity". August 1990. Appendix G.4 

Golder Associates 



Assumptions: 

Containers in waste: 0.15 % 

Containers Voids: 0.10 % 

Hw,,'te: 280 ft 

Yw~~te: 115pcf 

Ew~~t~ : 40,000 psf 

Cn : 0.02 

Ww~'te : 14,500,000 cl 
Incoming Waste: 550,000 c/ /yr 

Stages: 5 
Post-Closure period: 30 yr 

5, 0.0% 

5, 1.5% 

50 6.0% Stage !,(yr) t 2(yr) 

5, 1.7% 1 5.4 51.6 

5, 9.3% 2 5.4 46.2 

3 5.4 40.8 

T 27 yr 4 5.4 35.4 
5.40 yr 5 5.4 30.0 

Table 1 
Post-Closure Waste Settlement 

Section 1-1' 

Final Grade Calculation 

Finish Waste 

Station Elevation Thickness 
(ft) (ft) 

1 806.18 0 

2 898.62 171.15 

3 997.29 268.59 

4 1006.88 268.29 

5 996.47 266.67 

6 950.83 137.61 

7 898.32 I 0 

llH Final 
Initia! 

Elevation 
Distance 

0.093H 
Grade (%) 

(ft) (ft) 
(ft) 

0.00 806.18 
375.43 24.6% 

15.88 882.74 

419.64 23.5% 

24.92 972.37 

49.85 19.2% 

24.89 981.99 

49.85 20.9% 

24.74 971.73 

212.15 21.5% 
12.77 938.06 

240.09 21.9% 
0.00 898.32 

log tIlt, C" 

0.98 0.02 

IiH 

0.0039 H 

Note: See Drawing 1 and 2 in Appendix G-l for Section location and 

Drawing 3 for Cross Section profile. 

0.93 0.02 0.0037 H 

0.88 0.02 0.0035 H 

0.82 0.02 0.0033 H 

0.74 0.02 0.0030 H 

ncr 0.0174 H 

Golder Associates 

Final 

Grade 
(%) 

20.4% 

21.4% 

19.3% 

20.6% 

15.9% 

16.6% 



Assumptions: 

Containers in waste: 0.15 % 

Containers Voids: 0,10 % 

Hwast,,: 280 ft 

Yw~st,,: l1spcf 

Ewa<t,.,: 40,000 psf 

C,,: 0.02 

Ww~ste: 14,500,000 cy 
, 

Incoming Waste: 550,000 c/ /yr 

Stages: 5 
Post-Closure period: 30 yr 

5c 0,0% 

5, 1.5% SOl 40.3% 

50 6.0% 

5, 1.7% Stage t,(y,) t,(y,) 

5, 9.3% 1 5.4 51.6 

2 5.4 46.2 

T 27 yr 3 5.4 40.8 

5AO yr 4 5.4 35.4 

5 SA 30.0 

Table 2 
Post-Closure Waste Settlement 

Section 2-2' 

Final Grade Calculation 

Finish Waste 
Station Elevation Thickness 

(ft) (ft) 

1 771.69 0 

2 842.00 171.5 

3 935.86 268.59 

4 1010.00 243.40 

5 1018.00 281.55 

6 1010.00 261.98 

7 970.20 141.19 

8 910.00 0 

"'H Final 
Initial 

Elevation 
Distance 

0.093H 
(ft) Grade (%) 

(ft) (ft) 

0.00 771.69 
290 24.2% 

15.91 826.09 

392.34 23.9% 

24.92 910.94 

484.83 15.3% 

22.58 987.42 

143.86 5.6% 

26.12 991.88 

114.56 7.0% 

24.31 985.69 

168.02 23.7% 

13.10 957.10 

254.12 23.7% 
0.00 910.00 

log t 1/t2 CO 

0.98 0.02 

6H I 
0.0039 H 

Note: See Drawing 1 and 2 in Appendix G-1 for Section location and 

Drawing 4 for Cross Section profile. 

0.93 0.02 0.0037 H 

0.88 0.02 0.0035 H 

0.82 0.02 0.0033 H 

0.74 0.02 0.0030 H 

flO- 0.0174 H 

Golder Associates 

Final 

Grade 

(%) 

18.8% 

21.6% 

15.8% 

3.1% 

5.4% 

17.0% 

18.5% 



Assumptions: 

Containers in waste: 0.15 % 

Containers Voids: 0.10 % 

Hwa\t~ : 280 ft 

v . ,waste' l1Spcf 

Ewa'te: 40,000 psf 

Co: 0.02 

Wwa'te: 14,500,000 cy 
; 

Incoming Waste: 550,000 cl/yr 
Stages: 5 

Post-Closure period: 30 yr 

5, 0.0% 

5, 1.5% SOl 40.3% 

So 6.0% 

S, 1.7% Stage ',Iyr) ',1yr) 

S, 9.3% 1 SA Sl.6 

2 SA 46.2 
T 27 yr 3 S.4 40.8 

5.40 yr 4 SA 35.4 
S SA 30.0 

Table 3 
Post-Closure Waste Settlement 

Section 3-3' 

Final Grade Calculation 

log t}/t2 C" I oH I 
0.98 0.02 0.0039 H 

0.93 0.02 0.0037 H 

0.88 0.02 O.003S H 

0.82 0.02 0.0033 H 

0.74 0.02 0.0030 H 

~(J 0.0174 H 

Golder Associates 

Finish Waste ilH Final Final 

Elevation Thickness Elevation 
Distance Initial 

Gradel Station 0.093H 
(ft) Grade (%) 

(ft) (ft) (ft) (ft) (%) 

1 890.51 0 0.00 890.51 
252.19 23.7% 17.4% 

2 950.18 169.36 15.71 934.47 

252.17 19.8% 16.1% 

3 1000.00 268.31 24.89 975.11 

227.75 6.3% 5.9% 

4 1014.46 278.29 25.82 988.64 

181.73 
crossing ridge of 

5 1012.84 285.82 26.52 986.32 
top deck 

341.58 
crossing ridge of 

6 1007.53 273.53 25.38 982.15 
top deck 

146.71 
crossing ridge of 

7 1006.62 279.34 25.92 980.70 
top deck 

364.03 22.8% 20.4% 

8 923.48 185.27 17.19 906.29 

301.74 24.4% 18.7% 
9 850 0 0.00 850.00 

Notes: See Drawing 1 and 2 in Appendix G-1 for Section location and Drawing 

5 for Cross Section profile. 

Points 4, 5 and 6 currently cross the ridge line of the top deck and 
therefore do not reflect true slope. Sedon 2-2' provides points across 
the top deck that are along true slope. 



Assumptions: 

Containers in waste: 0.15 % 

Containers Voids: 0.10 % 

Hwa'te: 280 ft 

Yw~"e: 115 pcf 

Ewaste: 40,000 psf 

C,,: 0.02 

Wwa,t,,: 14,500,000 c/ 

Incoming Waste: 550,000 c//yr 

Stages: 5 
Post-Closure period: 30 yr 

5, 0.0% 

5, 1.5% SOl 40.3% 

50 6.0% 

5, 1.7% Stage t,(V') tAyr) 

5, 9.3% 1 5.4 51.6 

2 5.4 46.2 

T 27 yr 3 5.4 40.8 

5AO yr 4 5.4 35.4 

5 5.4 30.0 

Table 4 
Post-Closure Waste Settlement 

Section 4-4' 

Final Grade Calculation 

Finish Waste 

Station Elevation Thickness 

(ft) (ft) 

1 848.28 0.00 

2 895.07 131.82 

3 960.64 243.47 

4 971.89 254.54 

5 958,46 237.72 

6 882.96 168.21 

7 799.63 0.00 

~H Final 
Distance Initial 

0.093H Elevation 

(ft) (ft) 
(ft) Grade (%) 

0.00 848.28 
193.06 24.2% 

12.23 882.84 

271.02 24.2% 

22.59 938.05 

148.6 7.6% 

23.62 948.27 

114.97 11.7% 

22.06 936.40 

310.89 24.3% 

15.61 867.35 

346.76 24.0% 
0.00 799.63 

See Drawing 1 and 2 in Appendix G-1 for Section location and Drawing 6 

for Cross Section profile. 

log t 1/t1 err oH I 
0.98 0.02 0.0039 H 

0.93 0.02 0.OC37 H 

0.88 0.02 0.OC35 H 

0.82 0.02 0.0033 H 

0.74 0.02 0.0030 H 

Aa 0.0174 H 

Golder Associates 

Final 

Grade 

(%) 

17.9% 

20.4% 

6.9% 

10.3% 

22.2% 

19.5% 



Attachment 1 

ESI Settlement Calculations 
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420 PART V SOIL WITH WATER-TRA NS IE NT FLOW 

~ 

c~ -~J-,,-~-.---=~~-------------------
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~ iii pressure --.so 

.~ 
~ 
0. 
E 
8 

Vertical effective 
stress 

Theoretical ----------

Primary 
compression 

Actua! ,Secondary 
compression 

Fig.27.14 Primary and secondary compression. 

skeleton . The rel at ive importance of p rimary and 
secondary compression depend on the time required to 
dissipate pore pressures and hence on the thickness of the 
soil. 

The relative importance of secon dary and primary 
co~pression varies with the type of soil and also with 
the ratio of s tress increment to initial stress. 

The magnitude of secondary compression is often 
expressed by the slope C. of the final portion of the time 
compression curve on semi-log paper (Fig. 27,17), 
Table 27,2 gives typical values for thi s slope C •. The 

, 

1.4 r----,---,----, 

1,3 1----cC\;i--+--I 

I hr 
5 hr 

f-----t-----'~~+_I day 

711L! 

time rate of secon dary compression is la rgest for highly 
pl astic soils and especially for organic soils, 

The ratio of secondary to primary compression is 
largest when the ratio of stress increment to initial st ress 
is small. This is illustrated in Fig, 27,18, which shows 
that the usual form of time-compression curve occurs 
o nly when the stress increment is large. Fortunately, 
most problems involving important sett lements involve 
rela tively large incremen ts of stress. 

Taylor (1942) was the first person to propose a rational 
theory of secondary compression, This theory modeled 
the soil skeleton as a viscoelastic mate rial. Recent work 
in this area is directed at the developing models of 
behavior and numerical techniques for solving secondary 
comp ressi on problems with complicated rheologic 
models, 

The phenomenon of secondary compression greatly 
complicates predictio n of the time histo ry and final 
magni tude of seu lement. Bjerrum (1967) has discussed 
this subject. Seconda ry compress ion a lso makes it 
difficult to determine CI) accurately from laboratory tests, 

27.8 SUMMARY OF MAIN POINTS 

1, The differential eq ua ti on of continu ity, which is the 
basis fo r the study of consolidation, equates the net 
flow to the cha nge in volume of the soi l. 

Table 27.2 Typical Values for Rate of Secondary 
Compression Cit 

C. 
~4 days 

1 30 days 
,I ,t,,-----,';c--+.~ 

JO 15 20 25 

----..,,,. ... Normally consolidated clays 0,005 to 0.02 
0.03 or higher 
less than 0,001 Uv (TSM) 

Fig, 27.15 e versus log at. as function of duration of second­
ary compression (After Bjerrum , 1967). 

log time 

(0) 

Very plastic soils; organic soi ls 
Precompressed clays with OCR> 2 

From Ladd, 1967, 

Period of 
dissipation 

of pore 
pressure 

Time 

m 
§ ~ --: ---

(b) 

Secondary 

Zero 
excess 

pore 
pressure 

Fig. 27. J 6 Relation of instantaneous and delayed compression to primary and secondary compression. (a) For different thick­
nesses. (b) For a given thickness. 

f.el ' 



0/" 

~ 
(.> 

z 
0 
u; 
(I) 
UJ 
Cl: 
0.. 
:2 
0 
<..> 

~ 
Cl: 
C 
0 
Z 
0 
<..> 
w 
(I) 

u.. 
0 

.... 
Z 
W 
(.> 

u.. 
u.. 
w 
0 
(.> 

" 
, I , , , I 

: : : 
- --

/~ 

10
1 // 

// : -- --
/ -

-
/ -

-2 
10 

1// 
- // :: 

.: 
-

f. --- -J -
r- -- - - -

/ ' , -

-3 
10 
// I I 

i , . I , 
10 100 1000 3000 

NATURAL WATER CONTENT, wll PERCENT 

FIGURE 16 
Coefficient of Secondary Compression as Related to 

Natural Water Content 

;VA V fit '- PM 7- J 

7.1-237 



f 

ENVIRONMENTAL SOLUTIONS, INC. 

By 7r-­
Chkd. By 65<-

Date 7-1("-9 0 

Date 'ifj&<J 
Subject CAHDpLL (2, -( 6 

7>0;'1' CLo2VrE. 6#f,01; 

i 
• I 

! 
2 I 

I 

• ! 
• I I 

• I 

I 

• i 
7 I 
8 i 

• ! 
10 i 

I 

" I , 
12 ; 

13 

14 1 

•• 
• 

H ' , 
I '. I , 

" : I 
20 I 
2. i 
22 , 

I 
" I 
24 [ 
25 ' 

,. 1 
I 

27 1 
2. I 

( 
'" .--- .-." . 
.0 I-

I .. I , 
I 

12 : 
r , 

, I 
,. I 

" I , 
,. i , 

caz - 6+11'-) ~(EL, -60\\,) 

(t>X,- .6",) 

Itv'tl E~&-

a,: 

HI : 

D-\-\, , 

6+\ \ : 

. -, ":." '; -

tlEvtl T \1''1 1\1 

'E:i.BJAi'DN AI 

~EcI1\.E UE'-'\ 

&"1TLEt(\J.'\ 

-_............... -

1'01"1,\ 2-

7 DI\q I 

1'1 '701"1 

~l 'l"'IN1 

h<;, 

2 

1 

'FtWbL Co liEI<' 

EVA1d.J6P ON 

f°i.l.w.l , ,. .t>h 

"" ~. llX'J.- /l'J,.. -, 
A~! 

4,.'_ .. -

r-- -

'*'T& 

Sheet NO.~ OfJJ::/-

Proj. No. 89-~Jl 

"I 
M, -, 

I 
-' ! 

! 

i 
! 

-I , 

2 3 .. 5 6 7 8 "0 11 t2 13 I" 15 16 11 '8 19 20 21 22 23 24 25 26 27 28 29 



_ .. ,- '''' - -_ ..• " _. -_. .. .. ~ . _. -- . .. _ ,." ' -- .--" .. ,~. - .~ . __ ..•. . . .. 

.. 
PIN; '>)! 'WA <;.1 e ,0/1 

: '7111 1"10"/ E L-E VII"'~ '1 HltKN/F $..$ I)·D75 H 
.. (F1) 1FT) (F7) 

.. , 

I "iID () b 

Z )'5'0 
, 

'IG" 7-13 
.. , 

'3 . qt.o ICfD /4 , '2~ 
:: 
;; 4 q C.Z· Z 2M, I). J 2 

;: ~ q(,O z'f It.. Jr 

? ~5D z'1I 2, I 
:; 

;; '7 f40 D D 

.. I 

01 
~ I 
:: 1 .. ' wi 
.. ! .. 
.. .. 
~ I N, 
~ , 

N! 
" I 
:;: I . 

, 

.. . '---" --. 

FIIVA L 

. E'LEVAT"/ON o J ~1'AN~" 

(FT) ( F7') 

"'ill) 
I C. s-

8 '-/2, '67 
4'-10 

1'ir'7s~ 

'S~ 
1t:;C·32 

'3s--
'!'f],CS: 

Lf 1./1) 

8'17·'1 
LID 

$4D 

. . . . _ .. 

,F //V ilL 

C-I?A J)~ 
1-

/9- 9 

-;.J. LI 

J ' I 

q, I 

2 /' ~ 

;1. <& 

n III 
::r '< 

i~ r 
o 0 
AI OJ 

~ 

~ 
,.. 
(I) 

~ ::r 
$. m 
z -z 0 

0 

p 

~ 

m z 
< -;a 
o z 
s: 
m z 
-t » r-
en 
o 
r­
c 
-t -o z 
en 
-Z 
o 
• 



.. . :,,~J +; ' ~:JlNj$+-Ji - y~ I~1r I il ~fI : 
W iI IT -r'P~- J..E 1'''''' 7HItJ. '-: AI'" n' 1\; () 1"" H 
.. -~--I-I -. , (J1'J i - Tir;Cr I ~!nf I 

FIIVA /... 
E).E\t'Ar:/PN 0 l~rAIV.cj; 

(PT) ., tel') 
.. i j' I I I. ~ I 1 I I if! 
.. ..- .... -!-. I-f -.... -- .- -t· ·· '1 " - I I 0 l : 

'" -.- - I ' 7< .- L o-c - j' -i i ' .. -- --- -. -- _~_L. __ _ .L _ L- .. -- i j I 

: _ . ....t. .~ -- -- --~~P~--- .. LL <:"IL .j _ -_ .. ... //.121 I 
;; ___ L...A

1

_· __ ~--~~~i- '=~--'I= , ?{-!"l j 1zS!- I = ,--- i . - - ), I i -, i : -, 

;; _-f-J-_L- -- . . - -- - -- I 2~ i -i -Ilf. f! ! ;;; --i'1 ------- rC; ._.- - i l l : - I i 
; f- -f-- -,--- -1- Z · 1 ~d I j I ~ ' ' 
;: 1--' L -- .. ~~J~s .. - Ii I- I I l ' : =~': .~~~ r!-t. if 1-- - ! I~C I! ! 1~.2.$' 
--- - j-. - I - .;;-[_._ \- I 1 Q! I 

;; -... . - i - _. f j Sf) _ . i ~ 0 i [ ! Z: '1)1 
;;; _.l.j _' ' -- _. '!- ~i > I- . ! J - i t Ii ' 
: __ _ __ f-. . __ __ _. / _ 10.1 .. i .. _ , ,O! ! 

· , 

7,70 • 

J3 ~-

"$ S' 0 

.. . . ... - .. 
/76 

N() 

/ 3 S-

441) 

<;5"" 

, , 
• i : 
\B8-~S-

, 

, , I , 

1 J 7· 7~-

94/ .J 

9>O.l> 

1'f~. 7S-

8117-/s~ 

; 

'85~.O 

, 
, 

, 
! • . , , • . i , 
i , 
! 

, , , , 
i ! - : 
! 

• i , 
, i , 

j , , , 
j -, 

: f- ---- J-- -- __ .1 .j -- -- --- ' I. I- ' ! I i 

;~:I=-~-~~ I ~ :-J =j - !! I 
: 1-+--1-__ - ,J -- - 1- I -I:: 
• ~-+--+--I--If---. . _)-- - --~ . . ..... ~-.. . I I, I 
~ I! , I L 
L-L-~~~~~-L-L~-L~~~~~~~~~ __ ~ _________ _ 

, , 
: 

-. 

FINI//... 

?I?AtJ& 

1. 

z.oS' 

~?." 

--
/ 3 -7 

t? S-

3·'f 

7-Z.4 

:2-2 -/ 

.. W .. -
-1 , , 

I 

1 

-

... 

\. !D 
:r '< 

m ~ [ ~ 
~~ 
c C 
DO DO - -.. .. 

~~ 
1/1 
c 

'" ~ .. 
n -
~ 

~ 
~ 

~ 
.2. 
z z ? 

~ 
0 -
~ 

m z 
< -:D o 
z 
3: 
m z 
-f » 
r-
en 
o 
r­
C 
-f -o 
z en .... -z 
o 
• 



, , 

, l' 3" , , 

" 
2.0. J~ 

4 ;;;0 ~ , I 

/5"" 2. 'd. 7 
, 

3, L1 5 

I 
I 

._- - ... I 

o 0 
III ., - -

J~ 

en 
~ 
co 
co 

Z -
P z 

0 

F 
0 

~ 

m z 
< -:D 
o 
Z 
s: 
m z 
-I » 
r-
en o 
r­
C 
-I -o z en 
-Z 
o 
• 



I : : , 
~o'2? I 

• , , 
! , 

g Lfj. 7s 
, 

140. '97 

a{9. r 

, , 

, 

1500 I 
i 

, . , 
, 

1 
I 

i 
I i 

I , i , , , 
i I 

I 

I i 
, ! 

I , 

I 

i I , 
; : ! , 
, , , 
I 

I 
i 

I , 
I I i 
I I . ' 

j i i 
, 

i , , 
i 

~ 
I 

! i : 
I , ; 

I 
i , 

1 I 
, 

, 
! , 

, , . - . . _-- _ ... --
/7;;- If.} 

L-J Lf t> 7.2.~ 

44,0 I 2-J.2 ! 

Z 7.5" I Lf.{ . 

, 

: . . 
: 

, , 
_ _ _ _ W", ._". _ _ ____ _ , _ _ • • _ , __ ,. _____ 

t. til 
:::r '< 

i~ 
00 m 

l~~ 

~ 
~. 
Z z ? 0 

~ 
0 

P 

z 
s: 
m z 
-I » 
r-
en o 
r­
C 
-I -o z en 
-z 
o 
• 



.-
f 

ENVIRONMENTAL SOLUTIONS, INC. 
By tV, 11. Date f- /p - fo Subject --4U-,a",nJJ,c~6",v::....s~r'"",-n-,,-,=-____ _ Sheet No . .J.4...,. Of~ 

Chkd. By f.5t: Date ,J/I7;/fD Proj. No. t'l - 'l:7Z 

· , 
" ! Based C'~ tJ.~ j<.'na.( cover 1'0$1- cL.o,>ure. >e filu", €I'/.I 
" i 

i 

,. : Cct!cuta/t'Ms ;fr fA~ ,lour 

• I , 
6 

, I 

I · , 
• 

'0 I 
11 

ch~7C. o! //~dt!. 

adverse. e!)uf 

IIJII'"r 5cffl<'m~n-1 

12 , ']/ 

.. 
IS 

• 

119 , 

20 I t') fj. ~ 711'17 t! Wi II b ~ rolUf t!'d "II(. ~ To f)... S t! II 1..-WI ..-,nf 
21 j 

~2' I 

' 25 I .. 
27 , 

I 

•• 
.. i 

I , 
.0 

~' 1 

lZ l 
I 

., ~ 

,'.( 

I 
IS ! .. 

a.bSlJr6/~d 

w/IA. I1tt-f 

fA~ 

~ /) (!. 5ot..L Cpver al'l-ci fA e (t'n ey 

C~(,iS '7 /a~ f(T f"-e S )I> I ... ;r-.... , 

----- ------,--------" " ,,---, --,---, -- -------------- --.. --
" 2: 3 • 5 6 7 8 9 10 11 12 13 14 15 15 17 18 19 20 21 22 23 24 2S 26: 27 28 29 


